We have measured the neutron capture reaction yield of 232 Th at the neutron time-of-flight facility n TOF at CERN in the energy range from 1 eV to 1 MeV. The average capture cross section has been extracted in the energy range from 4 keV up to 1 MeV with an overall accuracy better than 4%. An independent IAEA evaluation shows good agreement with the data. The average cross section has been expressed in terms of average resonance parameters using the partial waves = 0, 1, and 2.
We have measured the neutron capture reaction yield of 232 Th at the neutron time-of-flight facility n TOF at CERN in the energy range from 1 eV to 1 MeV. The average capture cross section has been extracted in the energy range from 4 keV up to 1 MeV with an overall accuracy better than 4%. An independent IAEA evaluation shows good agreement with the data. The average cross section has been expressed in terms of average resonance parameters using the partial waves = 0, 1, and 2. 
I. INTRODUCTION
Accurate knowledge of neutron-nucleus reaction cross sections is of primary importance in studies of stellar nucleosynthesis [1, 2] and fundamental symmetries [3, 4] , and in applications of nuclear technology [5] [6] [7] [8] . In addition, important information on level densities, a key ingredient in many nuclear structure and reaction models, can be obtained directly from high-resolution neutron resonance spectroscopy. Research activities related to, for example, neutron capture stellar nucleosynthesis or neutron-induced symmetry breaking reactions, as well as to applications such as the transmutation of nuclear waste, accelerator-driven systems, and the thorium-based nuclear fuel cycle, have pointed out that for many nuclides the experimental information is of insufficient accuracy or sometimes lacking. Neutron cross section data are available from compilations of experimental data [9, 10] or through evaluated nuclear data libraries such as BROND, ENDF, JEFF, and JENDL [11] . The necessary updating of these neutron cross section libraries relies on the availability of accurate measurements obtainable at advanced neutron sources.
The low-energy p-wave resonances in 232 Th have received little attention since they do not contribute significantly to multigroup cross sections. However, large paritynonconservation effects have been observed in p-wave resonances of several isotopes, measured by the asymmetry of the neutron transmission of polarized neutrons on unpolarized nuclei [3, 12] . These effects, on the order of 10 −7 in nucleonnucleon interactions, were found to be up to 10% for 232 Th in transmission experiments [13, 14] . A more precise knowledge of the p-wave neutron widths n may improve the extraction of the parity-nonconserving matrix elements.
The use of thorium in the nuclear fuel cycle for either critical or subcritical systems is now a topic of great interest. This cycle is based on the fertile 232 Th and the fissile 233 U, formed by neutron capture on 232 Th and the subsequent β decays of 233 Th and 233 Pa. An interesting advantage in using this fuel cycle, as compared to the conventional uranium/plutonium cycle currently used in all operating power plants, is related to its low production of high-mass actinides. In the uranium cycle, the fuel contains a large fraction of 238 92 U, which is the seed for the production of higher actinides by successive neutron captures and fast β decays. The use of the lighter nucleus 232 90 Th significantly reduces the radiotoxicity of the spent fuel * Corresponding author: F. Gunsing, gunsing@cea.fr by the much lower buildup of heavy transuranium isotopes, in particular plutonium, americium, and curium.
The cross section of the 232 Th neutron capture reaction is a crucial input parameter for the design of any nuclear system based on the thorium fuel cycle. The presently available nuclear data libraries for the 232 Th(n, γ ) cross section are mainly based on less recent and discrepant experiments [15] [16] [17] [18] [19] [20] [21] [22] [23] . This situation prompted new neutron capture experiments to be performed recently. Most of them have been performed using the neutron time-of-flight technique. Baek et al. [24] investigated γ -ray multiplicity and capture cross section in the energy region between 21.5 and 215 eV. Grigoriev et al. [25] measured the average cross section in the energy region between 10 eV and 10 keV. In the unresolved resonance region, Borella et al. [26] measured the cross section between 5 and 150 keV. The measurement of Wisshak et al. [27] covered the region between 5 and 225 keV. Finally, Karamanis et al. [28] used the activation technique to measure the capture cross section between 60 keV and 2 MeV. Although considerable improvements could be achieved, the discrepancies in the 232 Th(n, γ ) cross section below the fission threshold, i.e., in the important energy range below 1 MeV, could not be removed.
In order to study neutron-induced reactions for nuclear technology, nuclear astrophysics, and nuclear structure and reaction physics, a new neutron time-of-flight facility, n TOF, has been recently constructed at CERN, Geneva. This facility has a very high instantaneous neutron flux, which results in a favorable signal-to-noise ratio for neutron capture experiments on radioactive isotopes. This is a major advantage for a measurement of the 232 Th(n,γ ) cross section. In fact, the high-energy γ rays going up to 2.6 MeV, originating from the β decay of the daughter product 208 Tl, were severely hindering the accuracy of previous capture measurements. This component of the background is strongly reduced in the n TOF setup. The second advantage of the n TOF facility is the low duty cycle with a large spacing in time between consecutive time-of-flight bursts, which allows us to measure a wide energy range in a single experiment.
We have measured in a single experiment the neutron capture cross section of 232 Th in the neutron energy range from 1 eV to 1 MeV. The analysis procedure and the type of results for the resolved and unresolved resonance region is very different. Therefore, the resolved resonance part will be described separately in a later paper [29] . In this paper, we give the average cross section in the unresolved resonance region from 4 keV up to 1 MeV. No other measurement has covered 054610-2 this wide of an energy range in a single experiment. This work has been part of a Ph.D. thesis [30] .
II. EXPERIMENTAL DETAILS

A. The n TOF beam and capture setup
The n TOF facility, based on an idea by Rubbia et al. [31] , became fully operational in May 2002, when the scientific program started. A detailed description of its performances can be found elsewhere [32] . Here we will mention the basic characteristics of the facility. At n TOF, neutrons are produced by spallation reactions induced by a pulsed, 6 ns wide, 20 GeV/c proton beam with up to 7 × 10 12 protons per pulse, impinging on a 80 × 80 × 60 cm 3 lead target. A 5 cm water slab surrounding the lead target serves as both a coolant and a moderator of the initially fast neutron spectrum, providing a wide energy spectrum from 1 eV to about 250 MeV with a nearly 1/E isolethargic flux dependence up to 1 MeV. An evacuated neutron beamline leads to the experimental area with the capture sample position at 185.2 m from the lead target.
Two collimators are present in the neutron beam, one with a diameter of 13.5 cm placed at 135 m from the lead target and one at 175 m with a diameter of 2 cm for the capture measurements. This collimation results in a nearly symmetric Gaussian-shaped beam profile at the sample position, with an energy-dependent standard deviation, which is about 0.77 cm at low neutron energies [33] .
At a distance of 145 m, a 1.5 T magnet is placed in order to remove the residual charged particles going along the neutron beamline. A previously observed background due to negative muon capture has been drastically reduced by means of a 3 m thick iron shielding located after the sweeping magnet [34, 35] . The neutron beamline extends for an additional 12 m beyond the experimental area to minimize the background from backscattered neutrons. The repetition period of the proton pulses of 2.4 s on average is low enough to prevent any overlapping of neutrons in subsequent cycles.
At the sample position located at a flight length of 185.2 m, two disc-shaped thorium samples with a diameter of 1.5 cm, a total mass of 2.8037 g, and a purity of 99.5% were put together and placed inside a remotely controlled carbon fiber vacuum sample changer. With this sample thickness, some low-energy resonances are saturated, thereby allowing us to obtain an absolute normalization of the capture yields. The samples were mounted on thin kapton foils stretched over a carbon fiber frame that was much larger than the neutron beam, thus avoiding neutron scattering from the support. In addition to the thorium samples, we have measured under the same conditions samples of gold (1.33 g) to verify the analysis procedure and of natural lead (2.04 g) to estimate the background due to in-beam photons scattered from the sample. All samples were 15 mm in diameter. The scattered photon spectrum arose mainly from 2.23 MeV γ rays from neutron capture on hydrogen in the water moderator and coolant surrounding the neutron spallation target.
The sample was viewed by two in-house-developed γ -ray detectors [36] , each one consisting of about 1 liter of C 6 D 6 liquid scintillator contained in a cylindrical low-mass carbon fiber housing, 12.7 cm in diameter and 7.62 cm high. Both carbon and deuterium have a very low neutron capture cross section and therefore do not significantly contribute to the background from sample-scattered neutron capture in the detector material. The scintillator was coupled directly, without the intermediate quartz window usually present in this type of detector, to an EMI-9823QKB photomultiplier tube. The detectors were placed perpendicular to the beam, 9.2 cm upstream from the sample center in order to reduce the background due to scattered photons. This geometrical configuration also allows us to reduce the effects of the angular distribution from primary neutron capture γ rays following neutron capture in = 1 p-wave resonances with spin 3/2. The setup of the sample-detector geometry is sketched in Fig. 1 . An in-beam neutron flux monitor [37] , consisting of a 6 Li deposit on a Mylar foil and four off-beam silicon detectors measuring the particles from the 6 Li(n, α)T reaction, was located about 3 m upstream of the sample position.
The energy density of the number of neutrons crossing the plane perpendicular to the beam at the sample position at 185.2 m for a standard burst of 7 × 10 12 protons of 20 GeV/c is shown in Fig. 2 
054610-3
is given in isolethargic units of d (E)/d ln E. These data are based on a measurement performed with a 235 U loaded parallel plate fission ionization chamber from the PhysikalischTechnische Bundesanstalt in Braunschweig [38] . The raw counting spectra resulting from this flux measurement have statistical uncertainties between 1 and 1.8% per bin (20 bins per decade) in the neutron energy range from 1 keV to 1 MeV. At neutron energies below 1 keV, we used the data from the 6 Li-based in-beam neutron flux monitor [37] , with much lower statistical uncertainties. In our analysis of the 232 Th cross section measurement, the absolute normalization of the capture yields is obtained independently from a low-energy saturated resonance. Therefore, the absolute value of the flux is not necessary but only its relative energy dependence from approximately 1 eV up to 1 MeV is used in the analysis. We estimate this value to be 2% at maximum based on the matching of the flux obtained from the 6 Li neutron monitor and the 235 U fission chamber around 1 keV. The electric signals from the photomultipliers of the detectors were sampled with a frequency of 0.5 GHz, during 16 ms after each proton pulse, with 8 bit resolution using an Acqiris Cougar 2010-4 flash analog-to-digital(ADC). The raw data for each pulse were transferred to the CERN central data recording system for off-line analysis. The pulse repetition interval was at minimum 1.2 s. For each event, the pulse height, proportional to the deposited energy in the C 6 D 6 detector, and the neutron time-of-flight were extracted from the recorded signals. An effective threshold of 160 keV detected energy resulted from the pulse extraction for this case. More details on the data acquisition system can be found in Ref. [39] .
The use of flash ADCs for the data acquisition reduces the dead time to an effective value of about 25 ns, related to the software for pulse extraction. The effect does not exceed 2% below 500 keV, except for large local count rates as in the peaks of large resonances. In the off-line event processing, we applied a fixed dead time of 30 ns, for which the count rate was corrected. When an event was observed in one of the two detectors, all events occurring within 30 ns in both detectors were discarded in order to eliminate coincidence counting.
B. Determination of the capture yield
The capture yield Y (E n ), which is the fraction of the number of incident neutrons (E n ) with energy E n incident on the sample that leads to a capture event, cannot be determined in a straightforward way from the observed time-of-flight spectra C obs (E n ). In fact, without considering background, this is given by
where the efficiency c for detecting the capture event depends in a complex way on the emitted γ -ray spectrum when using a low-efficiency detector like the C 6 D 6 detectors of this experiment. The γ -ray spectrum is different for each isotope; and for a given isotope, it differs from one resonance to another. The neutron capture event is characterized by the deexcitation of the compound nucleus by emission of one or more γ rays. A calculation with a simulation code [40] indicates that the multiplicity of the 233 Th compound decay is ≈3 and goes through a cascade onto the several tens of thousands of available levels, like most medium and heavy mass nuclei. To circumvent this problem it is preferable to have the detector efficiency proportional to the γ -ray energy E γ and a detection efficiency low enough to detect at most one γ ray of the cascade. In that case, the efficiency for the cascade can be shown to be proportional to the total γ energy released in the capture event c = kE c with proportionality k, and it is therefore independent from the details of the γ decay path. The γ -ray efficiency is related to the detector response function r γ by γ = r γ (E d )dE d . The energy deposited in the detector E d is in general not proportional to E γ but this can be introduced artificially by modifying the response function using a weighting function
This method, known as the pulse height weighting technique (PHWT), is described extensively elsewhere [41] [42] [43] .
The weighting function can be accurately derived using Monte Carlo simulations of the detector response to different monoenergetic γ rays. In the measurement, the detector response function to the neutron capture γ -ray cascade r γ (E d ) is estimated by the measured count rate spectrum R(E d ). Therefore, the weighted count rate spectrum can be written as
taking the proportionality constant equal to 1 in inverse units of energy. After correction for background, the capture yield can be determined from the weighted count rate spectrum. The pulse height distribution of the C 6 D 6 detectors were calibrated regularly during the experiment using the radioactive sources 137 Cs, 60 Co, and a composite source of the α-emitter 238 Pu and carbon, giving a 6.13 MeV γ -ray through the 13 C(α,n) 16 O * reaction.
C. Determination of the background
Several components contribute to the background level in our capture measurement. A time-independent background comes mainly from the radioactivity of the sample and has been measured with the neutron beam switched off. With the high instantaneous flux of the n TOF installation, this background is relevant only at low neutron energies and can be easily subtracted or fitted with the data.
The main source of background in the keV region of neutron energies is generated by the γ rays present in the beam, which are scattered from the sample and detected in the C 6 D 6 detectors. The majority of these γ rays originated from neutron captures on hydrogen in the water moderator, but other γ -ray components are present with relative intensities that vary slightly with time of flight. In order to quantitatively measure this background component, we performed a series of measurements with a 30 mm thick aluminum neutron blackresonance filter. These filters remove the neutrons from the beam at specific energies, corresponding to large resonances 054610-4 with zero transmission. The level of the background in a measurement with a black-resonance filter corresponds then to the level of the valleys in the count rate at the filter resonance energies.
The neutron filter also attenuates the in-beam photons that are scattered from the sample. In order to obtain the background level in the measurement without filters, we corrected for the attenuation of the in-beam γ rays by the filters. This is done by assuming that the shape of the scattered photon background B γ (t) as a function of time of flight t is independent of the sample, an assumption that we confirmed by Monte Carlo simulations for the present cases. The shape of this background component was determined by measuring, under the same conditions, a sample of natural lead. The nat Pb(n, γ ) capture cross section is very low, and the reaction rate in the keV neutron energy region is almost entirely due to in-beam sample scattered photons.
Measurements of a lead sample were taken with and without the filters in the beam. After subtraction of the expected capture yield, which is small compared to the background, we obtained the background for the lead samples. The shape of the background for the lead sample without filters B Pb is given by the two exponentials in brackets in Eq. (4) . From the ratio of the background spectra obtained for the lead sample with (B PbAl ) and without (B Pb ) filters, we determined the attenuation of the γ rays k 2 (E n ) = B PbAl /B Pb . The energy dependence of k 2 reflects the fact that the relative intensities of the in-beam γ rays change with the time of flight.
For the black resonance of Al at 34.8 keV, all neutrons are removed from the beam and the remaining part is the background. A clear dip is visible in the spectrum. We determined the level of the dip caused by the black resonance in the spectrum of thorium with the Al filter by fitting the expected shape of the resonance as a perturbation on a smooth reaction yield. The expected shape was calculated as a transmission using the total cross section of Al without the potential scattering contribution. In Fig. 3, the filter, we determined the background for the sample of thorium without the filter. The uncertainty for the normalization of this background component, obtained from the fit and the variation from different binnings, is 2.5%.
At lower energies, a time-of-flight dependent background could be determined in good approximation in between the resonances where the capture yield is very low compared to the background. A small residual background will be fitted together with the resonance shapes. The total background obtained in this way, in counts per unit time of flight, could be parametrized as a function of the neutron time of flight t by
where the first term corresponds to the low-energy background and the exponents represent the photon-induced background, with a i and b i suitably determined constants and with the k 1 and k 2 (E n ) scaling factors explained previously in the text. While our range of interest is below 1 MeV and is therefore below the fission threshold for 232 Th, contributions from the inelastic scattering channels, which are present from the first excited state of 232 Th at 49.4 keV, are a supplementary source of background. Although the detected energy of the γ decay of this state and even of the next state is below the signal threshold of 160 keV, states with spins and parities allowing inelastic scattering become an important source of background from about 700 keV. Indeed, the γ rays from fission or inelastic scattering cannot be distinguished from the γ rays from neutron capture with C 6 D 6 detectors.
In order to exclude these background γ rays, we repeated the analysis procedure applying a γ -ray threshold of 1 MeV. This removed the background contributions from the (n, n γ ) reaction channels up to a neutron energy of 1 MeV at the expense of a reduction of the counting statistics. The count rate spectra and the backgrounds are shown in Fig. 4 for the two thresholds of 160 and 1000 keV.
Setting such a high threshold as 1 MeV may put the validity of the weighting function technique into question. However, the derived capture yields obtained using thresholds of 160 keV and 1 MeV, and after normalization at the low-energy neutron energy (eV) saturated resonances, turned out to be essentially identical within their error bars up to about 700 keV. As shown in Fig. 5 , above 700 keV the γ rays from inelastic scattering start to contribute to the background if a low threshold of 160 keV is applied, while this background is absent with the high threshold of 1 MeV. We explain this by the fact that the average γ -decay spectra for the thorium resonances are very similar because of the high level density and therefore the high number of states available for the γ -decay cascade. Since the measurement is self-normalized and hence not dependent on a reference measurement, any effect of a high γ -ray threshold propagates in the same manner to the entire energy range. It is clear that this method of eliminating γ rays from inelastically scattered neutrons may not be as straightforward when a reference measurement with a different isotope is used.
III. RESULTS IN THE UNRESOLVED RESONANCE REGION
A. The capture cross section derived from the capture yield
The capture reaction yield as a function of neutron energy E n is related to the capture cross section σ γ and the total cross section σ T by
where µ(E n ) is the energy-dependent multiple scattering correction. In the resolved resonance region, the cross section is described by individual resonance parameters by means of the R-matrix formalism. In the unresolved resonance region, resonances are overlapping and one measures an average capture yield Y (E n ) , which can be related to the average capture cross section by
where n is the sample thickness in atoms per barn and f (E n ) is the correction that accounts for self-absorption and multiple scattering effects. This correction is in general not analytically determinable but can be obtained by Monte Carlo simulations. We used the code SESH [44] to calculate f (E n ) by generating individual resonances according to user-supplied level densities and neutron strength functions. The result of these calculations are shown in Fig. 6 . The energyaveraged cross section obtained in this way is reported in Table I . In Fig. 7 , the cross section is plotted, multiplied by √ E n in order to appreciate the data in the entire energy range.
B. Comparison with existing data
The present measurement, covering the full energy range from 4 keV to 1 MeV (well above the inelastic scattering threshold), can be compared to existing measurements in the overlapping energy regions. The prompt γ -ray data from Borella et al. [26] and the activation data from Lindner et al. [16] agree with the present results within the stated uncertainties. Also the data of Poenitz and Smith [18] correspond reasonably well. The activation data from Karamanis et al. [28] neutron energy (eV) show the same the shape but are systematically lower than the present results in the overlapping energy range. The prompt γ -ray data from Wisshak et al. [27] are discrepantly higher up to about 40% below 10 keV and slightly lower around 100 keV. Macklin and Winters [45] and Kobayashi et al. [19] used freshly isotopically separated 232 Th samples, reducing largely the background due to the radioactivity of the daughter nuclei of the decay chain. These data still show differences with the present results ranging up to more than 10%, probably because of normalization problems. The data from these experiments are also shown in Fig. 7 . Additional data, including resonance data, can be found elsewhere [15, 17, [20] [21] [22] [23] [24] [25] 46] .
We believe that many of the discrepancies with previous experiments, when exceeding the reported systematic uncertainties, could be explained by unrecognized errors in the normalization procedures, affecting the whole data set in the same way, or by insufficient corrections to background estimations, applied weighting functions, or flux determinations.
In addition to these experimental data, we have added to the figure a calculated cross section coming from a full evaluation of the neutron-induced reactions on 232 Th up to 60 MeV [47] using the EMPIRE code system [48] . The calculation is based on the dispersive coupled-channel optical model potential recently developed for thorium [49] and employed a combination of the Hauser-Feshbach theory and exciton model to describe the decay of the compound nucleus. Although this calculation is not based on the measurement, the good agreement is striking. The data are also in good agreement with a recent evaluation by Maslov et al. [50] .
C. Average parameter description of the capture cross section
The measured cross section shown in Fig. 7 has been fitted by an average parameter description, also shown in the figure. A different way to describe average cross sections, as a complement to optical model calculations, is to use R-matrix theory, which is usually used for resolved resonances. This procedure corresponds to a Hauser-Feshbach calculation with width fluctuations [51] . In the unresolved resonance region, fictitious resonances can be generated to describe the average cross section. These resonances enable the calculation of not only the average cross sections but also self-shielding factors in a consistent way. Therefore it is important to employ an average resonance parameter description.
The resonances in the unresolved resonance region have an average reduced neutron width g n related to the neutron strength function S by
where D is the level spacing for neutron resonances of orbital momentum . In a similar way, the average radiation width γ is included. The partial cross section for a reaction from the ingoing channel c to the outgoing channel c is then related to the average collision matrix elements U cc describing the reaction by
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The collision matrix elements U cc are in their turn related to the R matrix containing the level properties, i.e., level energies and decay amplitudes of the resonances (widths). The capture cross section can be described in this way with only a few average parameters for each partial wave. We used the code FITACS [52] as included in SAMMY [53] to fit the average capture cross section with average resonance parameters from a Hauser-Feshbach calculation with width fluctuations. In the code, the parameters that can be varied are the neutron strength functions S , level spacings D , and average radiation width γ . The energy dependence of these parameters and the competitive widths from inelastic scattering are also taken into account. The level information for the inelastic channels has been taken from the ENSDF database [54] . The contributions from the first three partial waves are sufficient up to 1 MeV.
Much care has to be taken when trying to fit these parameters from the data, since the parameters are largely correlated, in particular the parameters for the same partial wave. In addition, the parameters are sensitive in a different way to the total or partial cross sections. The best way to constrain the fit to the most physical values of the parameters is to include data sets for different reaction cross sections in a simultaneous fit. In this work, however, we used only the present capture data.
It may be instructive to see the contributions of each partial wave to the capture cross section as shown in Fig. 8 . While letting free many combinations of parameters, we found that it was in many cases possible to obtain a good overall fit of the capture data alone. This indicates that the parameters are strongly correlated. The plot in S 2 = 0.89 × 10 −4 , γ 0 = γ 2 = 18.8 meV, and γ 1 = 20.6 meV. These values of the average γ width are comparable but slightly lower than those found in the resolved resonance analysis and as found in, for example, [9] . We repeated the fit as before but now kept all γ widths fixed to γ = 24.3 meV. The resulting fitted strength functions were in that case S 0 = 0.68 × 10 −4 , S 1 = 1.4 × 10 −4 , and S 2 = 0.43 × 10 −4 .
IV. DISCUSSION OF UNCERTAINTIES
Only uncorrelated or statistical uncertainties are given in Table I with the result on the measured cross section. The total uncertainty in the cross section consists of several contributions that can be identified from the analysis procedure. The main sources come from the background determination and from the absolute neutron flux determination. The uncertainty related to the influence of the weighting function is rather small in this case since the measurement is not relative to a different isotope, but it is self-normalized to the saturated resonances we used at 21.79 and 23.46 eV. The γ -ray spectra are quite similar for the different resonances because of the large number of levels available for decay after capture. The influence of the threshold may play a role, but the resulting cross sections with low or high thresholds give statistically coherent results. From these considerations, we could assign an uncertainty of 0.5% from the application of the PHWT.
The uncertainty due to background subtraction is the most delicate to estimate. The absolute level of the background requires the determination of the level of the black resonance as explained in detail above. We applied several combinations of fits and binnings of the spectra, and we estimate the uncertainty in the background subtraction at the level of 2.5%. This value is also in agreement with the maximum difference in cross section obtained with a threshold of 160 and 1000 keV.
The correction resulting from a simulation with the code SESH for self-absorption above 4 keV is at most about 4%. Although we had no other independent calculation to compare the correction against and derive a possible uncertainty, we believe that the uncertainty in the correction is small, and we did not include it in the error balance.
For the estimation of the uncertainty of the shape of the neutron flux, we adopted an uncertainty of 2%. An uncertainty in the absolute level of the flux is not relevant since we normalized the yield on the saturated resonances.
Adding up these components gives a total correlated or systematic uncertainty of 3.3%, as listed in Table II . A detailed covariance propagation for the present analysis procedure and within the given assumptions on the uncertainty contributions is described in a separate report [55] .
V. CONCLUSION
A new set of self-normalized 232 Th neutron capture yield data has been obtained in a large energy range from 1 eV to 1 MeV from a measurement at n TOF at CERN. The cross section in the unresolved resonance region from 4 keV to 1 MeV has been extracted, and the results have been fitted in terms of average resonance parameters. The point-wise data have been reported in logarithmically equidistant energy bins with 20 bins per energy decade. A comparison with existing data has solved an important discrepancy in the 10 keV region and increased the present knowledge of the capture cross section up to 1 MeV.
The present measurement covers a large energy range including both the endpoints of other time-of-flight measurements and the starting energies of activation measurements.
Without giving details that go beyond the scope of this paper, it is clear that the accurate knowledge of this cross section is of great importance to a thorium-based nuclear fuel cycle. In addition, the precisely measured cross section puts severe constraints on optical model calculations predicting cross sections for this nucleus. Additional information is expected from the analysis of the resolved resonances below 4 keV.
